We present new B, V and R linear polarimetric observations for 61 stars towards the region of the young open cluster NGC 654. In this study we found evidence for the presence of at least two layers of dust along the line of sight to the cluster. The distances to the two dust layers are estimated to be ∼ 200 pc and ∼ 1 kpc which are located much closer to the Sun than the cluster (∼ 2.4 kpc). Both the dust layers have their local magnetic field orientation nearly parallel to the direction of the Galactic plane. The foreground dust layer is found to have a ring morphology with the central hole coinciding with the center of the cluster. The foreground dust grains are suggested to be mainly responsible for both the observed differential reddening and the polarization towards the cluster.
The polarization of background starlight has been used for nearly five decades to probe the magnetic field direction in the interstellar medium (ISM). The observed polarization is believed to be caused by the dichroic extinction of background starlight passing through the concentrations of aligned and elongated dust grains along the line of sight. Although there is no general consensus on which is the dominant grain alignment mechanism (Lazarian, Goodman & Myers 1997) , it is generally believed that the elongated grains tend to become aligned to the local magnetic field with their shortest axis parallel to the field. For this orientation, the observed polarization vector is parallel to the plane-of-sky projection of a line-of-sight-averaged magnetic field (Davis & Greenstein 1951) .
Young open clusters are very good candidates to carry out the polarimetric observations because of available knowledge on their physical parameters like distance, membership probability (M p ) and colour excess (E(B − V )). This would enable us to undertake a meaningful study of foreground interstellar dust.
As a part of an observational programme to carry out polarimetric observations of young open clusters towards anti-galactic center direction (l = 120
• − 180 • ) to investigate the properties like magnetic field orientation, λ max , maximum polarization (P max ), etc., we observed two young open cluster IC 1805 (Medhi et al. 2007) in Cassiopeia has been classified as Trumpler class II2r by Lyngȧ (1984) . The post-mainsequence stars in NGC 654 reveal an age of ∼ 10 − 30 Myr for the cluster, whereas the pre-main-sequence stars indicate an age of ∼ 1 − 10 Myr (Pandey et al. 2005) . The value of E(B − V ) across the cluster varies in the range ∼ 0.7 − 1.2 mag (Joshi & Sagar 1983; Phelps & Janes 1994) . A distance modulus of 14.7 ± 0.10 which corresponds to 2.41 ± 0.11 kpc (for a normal reddening law) is estimated for the cluster (Pandey et al. 2005) .
First polarimetric measurements of the stars towards NGC 654 were made by Samson (1976) with plates using IIa0 emulsion (IIa0 emulsion has a red cutoff similar to Johnson B band). Samson (1976) found certain stars to be very conspicuous because they differed in magnitude or direction of polarization, or both, from the surrounding stars. The star #37 for e.g., was unusual in both the magnitude and direction of polarization. He suggested a dust cloud partially obscuring the area to be the reason. The general direction of polarization was found to be parallel to the Galactic magnetic field. Recently, Pandey et al. (2005) observed Filter P ± ǫ(%) θ ± ǫ( • ) P ± ǫ(%) θ ± ǫ( • ) q(%) u(%) Schmidt & Elston (1992) probability (M P ) showed relatively large polarization (3.03 to 4.47%) and a mean position
The two non-member stars showed relatively small polarization (∼ 2%) and a mean P A V ≃ 105
• . The remaining star # 57 with M P = 0.90 (Stone 1977) was identified as a non-member (Sagar & Yu 1989) also showed values (2% & 102
• ) similar to those of two non-member stars. From their multi-wavelength study, they concluded that the dust grains associated with NGC 654 are smaller than those associated with the general interstellar medium.
In this paper, we present the results of polarimetric measurements made for 61 stars in B, V and R photometric bands towards NGC 654 (brighter than V ≃ 17 mag). Of the 61 stars observed, 8 of them have high membership probability (M P 0.7). The paper is organized as following: in section 2 we present observations; the results and discussion are presented in section 3 and in section 4 we conclude with a summary.
OBSERVATIONS
The optical imaging polarimetric observations of the two fields (centered at R. The read out noise and gain of the CCD are 7.0 e − and 11.98 e − /ADU, respectively. The fluxes for all of our programme stars were extracted by aperture photometry after the bias subtraction in the standard manner using IRAF. The detail descriptions about the AIM-POL, data reduction and calculations of polarization, position angle are given in Medhi et al. (2007) .
Standard stars for null polarization and for the zero point of the polarization position angle were taken from Schmidt & Elston (1992) . The observed degree of polarization (P %) and position angle (θ) for the polarized standard stars and their corresponding values from Schmidt & Elston (1992) are given in Table 1 . The observed values of P % and θ are in good agreement with those given in Schmidt & Elston (1992) within the observational errors. The observed normalized stokes parameters q% and u% for standard unpolarized stars (Schmidt & Elston 1992) are also given in Table 1 . The average value of instrumental polarization is found to be ∼ 0.04%.
The ordinary and extraordinary images of each source in the CCD frame is separated by 27 pixels along the north-south direction on the sky plane. Due to the lack of a grid, placed to avoid the overlapping of ordinary image of one source with the extraordinary of an adjacent one located 27 pixels away along the north-south direction, we avoided the central crowded portion of the cluster. However, the fields are chosen in such a manner to include maximum number of member stars. We also had a large number of sources which are not members but are present in the fields observed. All the sources were manually checked and rejected in case of an overlapping. But background at any location of the observed field gets doubled due to this overlapping and may have significant effect if the background has variation within 27 pixels (e.g., presence of reflection nebulosity). One star, BD+61 315, is found to be associated with a faint nebulosity. We suspect that, due to the lack of grid in our polarimeter, the reflection nebulosity may have contributed polarized light over the aperture used for the photometry. We discuss this issue in section 3.
RESULTS & DISCUSSION
Our polarimetric results are presented in the Table 2 . Column 2 gives the star identification as given by Phelps & Janes (1994) . Instrumental magnitudes obtained in V filter are given represent E(B − V ) (Joshi & Sagar 1983 ) and the membership probabilities (M P ) (Stone 1977; Joshi & Sagar 1983; Huestamendia, Rio & Mermilliod 1993) , respectively. Stars with M P 0.70 are considered as cluster members in this study.
In Table 3 , we present previous polarization measurements of stars in the direction of 1, we give the identification numbers which are adopted from Samson (1976) and Pandey et al. (2005) . Columns 2, 3, 4, 5, 6, 7, 8, & 9 give P % & θ in B, V, R & I filters, respectively.
The errors of measurements are given in parenthesis wherever available. Samson (1976) gives polarization in magnitudes (p). We converted p to P % using the relation P % = 46.05p (Whittet 1992) . The position angles given by Samson (1976) are w.r.t the east, as deduced from the star #54. We transformed the values to w.r.t the north. In column 10 we give the membership probabilities of stars obtained from Stone (1977) . There are a few stars in common among the three observations. The star #35, identified with BD+61 315, from our list is the same as the star #64 of Samson (1976) and the star # 68 of Pandey et al. (2005) .
While the P % measurements are found to be in agreement among all the three observations within the uncertainty, the θ B of Pandey et al. (2005) seems to be 85
• , 14
• less than the value (99 • ) obtained by both in our measurements and by Samson (1976) . A faint reflection nebulosity (Kutner et al. 1980; Magakian 2003 ) is found to be associated with BD+61 315.
We suspect that, due to the lack of grid in our polarimeter, the reflection nebulosity may have contributed polarized light over the aperture used for the photometry. But, since the nebulosity is faint and no stars located along the north-south except one close to BD+61 Samson (1976) . Both of them showed significant differences in their P % and θ B when compared. The star #66 from Samson (1976) showed the highest polarization detected in this direction (∼ 14 ± 0.5%). Inspection of another star #1 in Samson (1976) which is same as the star #111 in Pandey et al. (2005) showed a difference of ∼ 1% polarization though θ B seems to be consistent within uncertainty.
In Figure 3 , we compare our results with those obtained by Samson (1976) Samson (1976) and Pandey et al. (2005) are shown using filled red circles and blue squares, respectively. The results for stars observed by us are, in general, consistent with those observed by Pandey et al. (2005) . But the P B obtained by Samson (1976) are showing systematically higher values (as high as ∼ 14%) than those obtained in both our observations and by Pandey et al. (2005) .
We used the Heiles (2000) catalogue which has a compilation of over 9000 polarization measurements to determine whether the observed polarization of stars towards the NGC 654
by us are consistent with those available in the catalogue towards the same direction. For this, we searched the catalogue for stars with polarization measurements within a circular region of radius 2
• around NGC 654. We found 75 stars with polarization measurements in V band. We could not show them in Figure 1 because the nearest of them was at ∼ 17 The P V of the stars observed by us are found to be in the range of ∼ 1 to ∼ 5%. The mean value of P V and θ V are found to be 3.5 ± 1% and ∼ 104 ± 9
• , respectively. The stars from Heiles (2000) show degree of polarization (P H ) in the range from ∼ 0.2 to ∼ 6 %.
The mean value of P H and position angle are ∼ 3 ± 1.7 % and ∼ 102 • ± 9, respectively.
The range in degree of polarization and position angles obtained by us for a smaller region (∼ 25 ′ × 25 ′ ) are similar to those for a larger region from Heiles (2000) implying that the cause of polarization is possibly due to dust grains distributed in an extended structure and therefore likely to be located closer to the Sun than the cluster. A number of stars selected from Heiles (2000) show higher degree of polarization ( 5%) and among them, 5 stars are located towards the direction of NGC 663 which is found to be at a distance of ∼ 2 kpc (Kharchenko et al. 2005 ) similar to NGC 654. Thus stars in this direction can show degree of polarization as high as ∼ 6% but certainly not ∼ 14% as obtained by Samson (1976) .
It is possible that stars which showed high polarization in Samson (1976) could be unique and definitely require further multi-wavelength investigations. Eight out of 11 stars with M P 0.70 are found to be clustering towards position angles which are lower than the mean value of 104
• .
In Figure 4 lower panel, we show the distribution of V band position angles for stars from our observations. The distribution is strongly peaked but shows a significant high position angle 'tail'. A Gaussian fit to the distribution is shown with peak value occurring at 102
• with a dispersion in position angle of 7 and IC 1805 (6.5
• , Medhi et al. 2007 ). Presence of a tail in the distribution of position angles towards other clusters (e.g., NGC 6167, Waldhausen et al. 1999) were attributed to the dust layers located foreground to those clusters. In Figure 1 & 2 we noticed presence of opaque patches to the north of the cluster. Therefore to interpret the polarimetric results, it is important to understand the distribution of interstellar dust towards the direction of NGC 654.
Distribution of interstellar matter in the region of NGC 654
Samson (1975) noted that E(B − V ) for the stars in the central area of NGC 654 were lower than the stars located near the edges of the cluster. The radial increase in E(B −V ) was also noticed by Pandey et al. (2005) . Samson (1975) proposed the following three possibilities to explain the decrease of E(B − V ); (i) the inner stars are predominantly cluster members and lie closer to us than the outer ones, (ii) a ring of obscuration lies between us and the cluster and (iii) the cluster is embedded in a shell of dust whose inner surface has a 3.6 ′ diameter.
He discarded the first possibility because of the knowledge of distance modulus to inner and outer stars. The second one was discarded on the basis of statistical ground arguing that its unlikely that such a ring of obscuration would lie exactly between us and NGC 654, thus favoring the third possibility of a shell around NGC 645. It is interesting to note that the overall morphology of the dust distribution in this region resembles a ring structure with a central hole coinciding with the position of the cluster. Structurally the distribution is highly inhomogeneous. This ring morphology of dust distribution explains the increase in E(B − V ) values found by Samson (1975) and Pandey et al. (2005) towards the edges or outer parts of the cluster. Therefore the second possibility proposed by Samson (1976) which he discarded on a statistical ground, arguing that it is unlikely that a ring of obscuration would lies exactly between us and NGC 654, seems to be the most plausible scenario. We rule out the third possibility proposed by Samson (1976), i.e., the cluster being embedded in a shell of dust, because using star count method, it would be difficult to detect dust obscurations located at ∼ 2 kpc since the cloud would become inconspicuous due to the large number of foreground stars.
In order to determine distances to the foreground dust concentrations, we obtained distances and E(B − V ) of main sequence stars located within a circle of radius 1 • around NGC 654 from the catalogue Interstellar matter in the Galactic Disk produced by Guarinos (1992) . In Figure 7 , we show the E(B − V ) vs. distance (pc) plot. The plot shows E(B − V ) increasing sharply at two distances, ∼ 240 pc and ∼ 1 kpc indicating that their could be at least two layers of dust one at ∼ 240 pc and another at ∼ 1 kpc in the direction of NGC 654. Using star counts and counts of extragalactic nebulae Heeschen (1951) also showed the Optical polarimetry of NGC 654 13 Figure 7 . The distances of stars are plotted against their E(B-V) from the data obtained from Guarinos (1992) . The stars with M P 0.70 are identified using open circles. These stars are assumed to be at a distance of 2.4 kpc. The dotted lines are drawn at 240 pc and 1000 pc to show a sharp increase in E(B-V) value at these distances.
presence of obscuring material at ∼ 200 − 300 pc and at ∼ 800 pc. The obscuring material located at ∼ 240 pc contributes an E(B − V ) ∼ 0.5 mag while net color excess produced at 1 kpc is found to be ∼ 0.85 mag. The stars with M P 0.70 are identified using open circles.
These stars are assumed to be at a distance of 2.4 kpc. From the figure it is evident that the extinction suffered by the cluster members of 0.69 mag are mainly due to the dust layers present within 1 kpc from us.
In their photometric study of 23 open clusters, Phelps & Janes (1994) pointed out that the color-magnitude diagram of NGC 654 showed lack of the characteristic wedge-shaped distribution of the field stars. The cluster being located in front of a cloud is suggested to be the cause (Phelps & Janes 1994) . The presence of a reflection nebulosity (Kutner et al. 1980; Magakian 2003 ) associated with BD+61 315 (star # 555, M P = 0.84) shows that the cluster is indeed associated with a cloud. But, the relatively low E(B − V ) = 0.88 of this star, similar to the E(B − V ) of 0.85 mag produced by obscuring material located at ∼ 200 to 1 kpc (Figure 7) , suggests that the star (also the cluster) is located just foreground to the associated cloud. This is further supported by the results of Pandey et al. (2005) that at the center of the cluster E(B − V ) < 1 mag. This further strengthen the argument that the extinction towards the cluster is mainly contributed by the material distributed within 1 kpc from us. Because there is a cloud behind the cluster, the stars including those with higher membership probability observed by us, may not be background to the cloud behind the cluster. Henceforth, we believe that the observed polarization towards NGC 654 is due to the aligned dust grains associated with the clouds located at ∼ 200 and ∼ 800 − 1000 pc.
In order to investigate the polarization properties of dust grains located at different distances from us, we selected all the stars from within a circle of radius 3
• around NGC 654 for which polarization and parallax measurements are available in Heiles (2000) and the Hipparcos, respectively. The Hipparcos parallax measurements are obtained from the Hipparcos and Tycho Catalogs, (Perryman et al. 1997 and Hφg et al. 1997 ). We did not include the stars observed by us because of the lack of distance information for them except for the cluster member stars. Stars which showed peculiar features and emissions in their spectrum, as given by SIMBAD, are rejected.
In Figures 8 (a) and (b) we present the degree of polarization (P hip ) and position angle (θ hip ) versus distance plots, respectively. As expected, stars located closer to us show low P hip ( 0.5%) with a large scatter in their θ hip . Stars located beyond ∼ 220 pc showed relatively high values of P hip in the range from 1% to 3.3% with a sharp jump in polarization ( 1%)
Optical polarimetry of NGC 654 15 occuring at ∼ 220 pc. But there are no stars between ∼ 150 to ∼ 200 pc, so we can only infer a maximum distance to the dust grains responsible for the observed sharp jump from Figure 8 . However, since the abrupt increase in both E(B − V ) ( Figure 7 ) and P hip ( Figure   8 ) are found to occur at 220 − 240 pc, we assign a maximum distance of 220 pc to the first layer.
Among the two stars which showed a sharp jump in P hip at ∼ 220 pc, the one with higher P hip (2.7%) shows a θ hip of 86 ± 1
• and the other with lower P hip (1%) shows a θ hip of 116 ± 3
• . Beyond ∼ 220 pc, the P hip increases with the distance of the stars and θ hip shows less scatter as it tend to become more parallel to the Galactic plane. This implies that though majority of the dust grains in the direction of NGC 654 are aligned parallel to the Galactic plane, there are two additional population of dust grains located in the first layer at ∼ 220 pc which are responsible for producing polarization with position angles both less than and greater than the Galactic parallel.
If the polarization of the starlight is caused due to the alignment of dust grains with the local magnetic field, then this implies that there exist two components of magnetic field which are responsible for the observed polarization properties. While the magnetic field component aligned more parallel with the Galactic plane is dominant towards high extinction regions, the magnetic field component which are found to be steeper than the Galactic parallel seems to be dominant towards the west and the south-west regions of NGC 654.
Serkowski Law
The maximum wavelength (λ max ) and the maximum polarization (P max ) both are functions of the optical properties and characteristic of particle size distribution of the aligned dust grains (McMillan 1978; Wilking et al. 1980) . Moreover, it is also related to the interstellar extinction law (Serkowski, Mathewson & Ford 1975; Whittet & van Breda 1978; Coyne & Magalhaes 1979; Clayton & Cardelli 1988) . The λ max and P max have been calculated by fitting the observed polarization in the B, V and R band-passes to the standard Serkowski's polarization law;
and adopting the parameter k = 1.15 (Serkowski 1973 ). In the fits the degree of freedom is adopted as one. Though there are only three data points, the wavelength covered ranges from 0.44 to 0.66 µm and all the λ max found to fall within this range. Since, we have enough wavelength coverage, the fit is reasonably fine but sometimes it may causes to over estimate the value of σ 1 . For each star we computed σ 1 parameter (the unit weight error of the fit). If the polarization is well represented by the Serkowski's interstellar polarization law, σ 1 should not be higher than 1.6 due to the weighting scheme. A higher value could be indicative of the presence of intrinsic polarization. The λ max can also give us the clue about the origin of polarization. The stars which have λ max lower than the average value of the interstellar medium (0.55 ± 0.04 µm, Serkowski et al. 1975) are the probable candidates to have an intrinsic component of polarization (Orsatti, Vega and Marraco 1998) Table 4 .
Out of 61 observed stars three non-member stars (namely, #16, #24, and #50) and one member star (namely, #39) have the σ 1 value above the limit of 1.6. Dispersion in position angle ǫ is higher for the member star #12 and nonmember stars #22, #24, #30, and #50.
Out of these above mentioned seven probable candidates detected by using two criteria σ 1 and ǫ, the value of λ max is smaller than the normal size of the grains only for the member star #12 and nonmember star #16. Although the nonmember star #16 is found to have higher value of σ 1 and lower value of λ max , ǫ is found to be very small. In the case of star #12, the value of ǫ is high, which indicates a rotation in position angle and implies that the polarization is produced by a combination of different dust populations. Nevertheless, in majority of the observed stars, the polarization is found to be caused due to the foreground dust grains.
The weighted mean of λ max for the member and nonmember stars are obtained as 0.52 ± 0.01 µm and 0.54 ± 0.01 µm respectively. There are not much difference of the weighted mean of λ max between the member and the nonmember stars of NGC 654, which imply that the lights from the both member and nonmember stars encountering the same population of foreground dust grains. Moreover, these values are very close to the mean interstellar value of λ max 0.55 ± 0.04 µm. Therefore, we can also conclude that the characteristic grain size distribution as indicated by the polarization study of stars in NGC 654 is nearly same as that for the general interstellar medium. The weighted mean of the maximum polarization for the member stars and non member stars are obtained as 3.74 ± 0.01 % and 2.87 ± 0.01 % respectively.
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Polarization efficiency
For interstellar dust particles in diffuse interstellar medium the ratio between the maximum amount of polarization to visual extinction (polarization efficiency) can not exceed the empirical upper limit (Hiltner 1956 ),
The ratio P max /E(B−V ) mainly depends on the alignment efficiency, magnetic strength and the amount of depolarization due to radiation traversing more than one cloud in different direction. Figure 9 shows the relation between colour excess E(B − V ) and maximum polarization P max for the stars observed by us (black filled circle) and Pandey et al. (2005) (blue filled square) towards NGC 654 produced by the dust grains along the line of sight to the cluster.
Colour excess E(B − V ) taken from the work of Joshi & Sagar (1983) ; Huestamendia et al. (1983) . Among the 61 stars observed by us E(B − V ) is available only for 26 stars (8 member and 18 non-member). In the efficiency diagram none of the stars are lying to the left of the interstellar maximum line. In the previous section, though we suspect two member stars #12, #39 as a candidate for intrinsic polarization by using different criterion, The weighted mean of maximum polarization P max for member and nonmember stars are obtained as 3.74 ± 0.01 % and 2.87 ± 0.01 %, respectively. The weighted mean of maximum wavelength λ max for the cluster members and the field stars are found to be 0.52 ± 0.01 µm and 0.54 ± 0.01 µm, respectively. These values of λ max of stars towards NGC 645 are thus similar to those of ISM (0.55 ± 0.04 µm) implying that the polarization is caused mainly due to the foreground dust grains as we have inferred for IC 1805 cluster (Medhi et al. 2007) also in a previous study. Samson (1976) and Pandey et al. (2005) in the direction of NGC 654. The errors in the measurements are given in parenthesis.
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